Abstract-The essence of finite impulse response (FIR) digital filter design is the problem of the parameter optimization. Namely the optimal parameters of FIR digital filter are the core of the design. In due to the traditional design method of FIR digital filter is not only accuracy not high but also sideband frequency is difficult to determine. Improve Weight Particle Swarm Optimization (IWPSO) to design FIR digital filter has less calculation and fast convergence speed. The simulation results also demonstrate that the IWPSO has better approximation properties and band-pass characteristics. what's more, the convergence of IWPSO algorithm made good results in filter design efficiency.
INTRODUCTION
FIR digital filter can change its amplitude frequency randomly and can guarantee accurate linear phase at the same time, accordingly it has bright research prospect. FIR digital filter is a basic computing unit of digital signal processing [1] and plays an important role in communication field and in the processing of digital signal. The design core of the FIR digital filter [2] centers on the optimization of multidimensional variable [3] . The design method of FIR digital filters are mainly: window function method, Chebyshev and frequency sampling method etc. However, the window function method cannot properly handle transition band. The Frequency Sampling Method results in the fluctuation on the edge of passband and the sampling frequency is restricted to integral number of 2π /Nwhich cannot be sure the value of the cut-off frequency. N should be taken into consideration if need choose any value of the cut-off frequency, but this increases the amount of calculation. The newly emerged methods such as Genetic Algorithm(GA) [4] , neural network method [5] and Particle Swarm Optimization(PSO) algorithm [6] , although those methods do have its inspiring effects but still have serious shortcomings such as high complexity and slow convergence rate etc.
For the defects of traditional FIR digital filter, this paper will introduce particle swarm algorithm into the design of FIR digital filter. Then, it will elaborate the process of the FIR digital filter design of using IWPSO. Finally, it draws the conclusion that IWPSO method has better approximation properties, algorithm convergence and optimal value by compare with traditional method and standard PSO algorithm.
The rest of the paper is arranged as follows. In section II, the FIR filter design problem is formulated. In section III briefly discusses on conventional PSO employed for the FIR filter design problems and the proposed IWPSO algorithm. Section IV describes the simulation results obtained by Hamming windows, Frequence sample, PSO and IPSO. Finally, Section V concludes the paper.
II. THE OPTIMAL DESIGN OF FIR DIGITAL FILTER
A FIR digital filter which can be described by difference equation,
Where N is the order of the filter.   hk is the filter's impulse response. The values of   hkwill determine the type of the digital filter i.e. LP, HP, BP, BS etc. FIR digital filter has serious linear sequence property [7] , so the unit impulse response has to be odd-symmetry and even-symmetry, namely, 
E(ω)=W(ω) H (e )-H (e )
 Thus: (9) has been considered as fitness function in many literatures [11] .The error to be minimized is defined as:
Obviously, the coefficient of the filter gets better along with F becoming smaller. (9) represents the error fitness function to be minimize using IWPSO algorithms. The algorithms try to minimize this error. The core part of designing FIR digital filter is to find the optimal filter coefficient. In order to use IWPSO algorithm to solve   
III. THE OPTIMAL DESIGN OF FIR DIGITAL FILTER BASED ON IWPSO

A. The Basic Particle Swarm Optimization (PSO) Algorithm
Particle swarm based on the swarm intelligence theory is an optimal algorithm developed by Eberhart [12] . The particle traces the two extremes which local optimum and global optimum in each process of iterative search. Then it adjusts its position and velocity to achieve the goal of optimum.
The position and velocity formula of the particle swarm is given as, 
B. The Illustration of IWPSO
The paper [13] revised the above formula by introducing inertia weight factor. Then Van den Bergh and Engelbrech [14] pointed out, 
The steps involved are given as follows.
Step1 Define the solution space, fitness function, inertia weight and population size. 42 | P a g e www.ijacsa.thesai.org
Step2 The initial positions and velocities of all particles are generated randomly within the n-dimensional search space. Initialize pBest and gBest of population size.
Step3 Evaluate the fitness values of particles and store the position of particle having best fitness value as gBest.
Step4 Every particle follows the position update formula and velocity update formula (10) to adjust its velocity and position.
Step5
Evaluate the fitness values of updated particles, For newly generated particle
better than fitness(pBest), pBest=i. If fitness(i) better than Fitness(gBest), gBest=i.
Step6
If the iterations achieve to the Maximum number of iterations, the algorithm terminates, Fitness(gBest) is good enough, The gBest is Solution. Otherwise, go to setp2 for a new round of iteration.
IV. SIMULATION AND ANALYSIS
In order to compare the optimal algorithms in terms of the error fitness with traditional design method, it will draws the advantages of the improved one and prove the validity of the IWPSO algorithm. By comparing, it can counts the ideal unit impulse response of the low pass filter as following, When it comes to the improvement of weight's linear characteristic, it is easy to find that with the increase of iteration, the improved weight decreases rapidly. All these can prove that it can improve significantly the convergence of the algorithm. Fig.2 shows the design characteristics of all kinds of filter design methods. By the following comparison from Fig.2 we can conclude the buffer zone of the window function decreases smoothly. But if the buffer zone is too wide, the decrease become slow. However, the Frequency Sampling Method leads to the dramatically fluctuating on the edge of pass-band which may influence the pass-band characteristic. When it compares with the traditional method, the improved method has the better pass-band and stop-band, so the inner side of the pass-band is smooth enough to help the signal pass without distortion. What's more, the improved method has a more narrow transition bandwidth, which should be solved quickly in the signal communication system.
IWPSO is an optimal method, by simulation, which can draw the following unit impulse response coefficient of IWPSO and PSO in TABLE 2. The Fig.3 and Fig.4 are coefficients optimal process of PSO and IWPSO respectively: After 1000 iterations, the TABLE.3 shows the simulation results of PSO and IWPSO. Both methods can achieve a good low-band effect. However, at the same coefficient design, IWPSO can get optimal result but use less time and smaller fitness function compared with PSO, which also can get a better optimal coefficient as TABLE. 3. V. CONCLUSION To make up the deficiencies of traditional design of filter, the paper introduces IWPSO to improve the design method. To prove the validity of IWPSO method, the thesis compares to traditional method, PSO method, and the improved method. The major findings of the thesis are the IWPSO method has better convergence speed, better optimal coefficient, and approximation of the ideal filter. Therefore, the algorithm method has a brilliant application prospect in the field of signal process. Further analyze and improve the weights of PSO algorithm is primary aim in the future. what's more, the improved optimization algorithms applied to the moving average FIR filter, the dressing filter, the L-wave band filter and other modern filter are future research direction. 
